# 



01 




Europaisches Patentamt 
European Patent Office 
Office eu rope en des brevets 



© Publication number: 0 646 952 A2 



EUROPEAN PATENT APPLICATION 



© Application number: 94114761.3 
© Date of filing: 20.09.94 



© mt CI. 6 : H01L 21/331, H01L 29/417, 
H01L 21/82 



® Priority: 04.10.93 JP 248355/93 

© Date of publication of application: 
05.04.95 Bulletin 95/14 

© Designated Contracting States: 
DE FR NL 

© Applicant: MITSUBISHI DENKI KABUSHIKI 
KAISHA 

2-3, Marunouchi 2-chome 

Chiyoda-ku 

Tokyo 100 (JP) 

@ Inventor: Ishigaki, Yoshiyuki, c/o Mitsubishi 
Denki K. K. 
LSI Kenkyusho, 
1 Mizuhara 4-chome 
Itami-shi, 
Hyogo 664 (JP) 

Inventor: Honda, Hiroki, c/o Mitsubishi Denki 
K. K. 



LSI Kenkyusho, 

1 Mizuhara 4-chome 

Itami-shi, 

Hyogo 664 (JP) 

Inventor: Uga,Kimiharu 

2-1-10,Nishihara-cho, 

Niihama-shi, 

Ehime 792 (JP) 

Inventor: Ishida, Masahiro, c/o Mitsubishi 

Denki K. K. 

LSI Kenkyusho, 

1 Mizuhara 4-chome 

Itami-shi, 

Hyogo 664 (JP) 

© Representative: Priifer, Lutz H. et al 
PRUFER & PARTNER, 
Patentanwalte, 
Harthauser Strasse 25d 
D-81545 Munchen (DE) 



© Semiconductor bipolar device and method of manufacturing the same. 



CM 
< 

CM 
LO 

CD 

CD 
CO 



© An n + buried layer (3) is formed on a surface of 
p~ semiconductor substrate (1). An n~ epitaxial 
growth layer (5) and an n + diffusion layer (13) are 
formed on a surface of n + buried layer (3). A p~ 
base region (7) and p + external base region (11) 
adjoining to each other are formed on a surface of 
n~ epitaxial growth layer (5). An n + emitter region (9) 
is formed at a surface of p~ base region (7). An 
emitter electrode (15) is /formed adjacently to n + 
emitter region (9). Emitter electrode (15) is made of 
polycrystalline silicon doped with phosphorus at a 
concentration from 1x10 20 cm~ 3 to 6x10 20 cm" 3 . 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a semiconduc- 
tor device and a method of manufacturing the 
same, and in particular to a semiconductor device 
including bipolar transistors and a method of manu- 
facturing the same. 

Description of the Background Art 

In recent years, performance of industrial 
equipments such as computers has been remark- 
ably improved. A Bi-CMOS (Bipolar Complemen- 
tary Metal Oxide Semiconductor) structure in which 
a bipolar transistor and a CMOS transistor are 
formed on the same semiconductor substrate has 
attracted the attention from the aspect of com- 
plying with the aforementioned remarkable perfor- 
mance. The Bi-CMOS structure can achieve high- 
speed operation, i.e., feature of the bipolar transis- 
tor, as well as high integration and low power 
consumption, i.e., feature of the CMOS transistor. 

A conventional semiconductor device will be 
described below particularly in connection with the 
structure of Bi-CMOS structure including bipolar 
transistors. 

Fig. 62 is a cross section schematically show- 
ing a structure of the conventional semiconductor 
device. Referring to Fig. 62, the Bi-CMOS structure 
has a bipolar transistor region 510, an nMOS tran- 
sistor region 520 and a pMOS transistor region 
540. 

In bipolar transistor region 510, an n + buried 
layer 503 is formed on a surface of a p~ semicon- 
ductor substrate 501. An n~ epitaxial growth layer 
505 and an n + diffusion layer 513 for leading out a 
collector are formed on the surface of n + buried 
layer 503. 

A p~ base region 507 and a p + external base 
region 511 adjoining to each other are formed on 
the surface of n~ epitaxial growth layer 505. An n + 
emitter region 509 is formed on p~ case region 
507. 

A first interlayer insulating film 563 is formed 
over the surface of bipolar transistor 510. First 
interlayer insulating film 563 is provided with a 
contact hole 563a reaching n + emitter region 509. 
An emitter electrode 515 is formed on the surface 
of first interlayer insulating film 563 and is in con- 
tact with n + emitter region 509 through contact hole 
563a. Emitter electrode 515 is made of polycrystal- 
line silicon doped with arsenic (As). 

Emitter electrode 51 5 is covered with a second 
interlayer insulating film 565 formed on the surface 
of first interlayer insulating film 563. Second inter- 
layer insulating film 565 is provided with a contact 
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hole 565a reaching emitter electrode 515. A con- 
ductive layer 571 a is in contact with emitter elec- 
trode 515 through contact hole 565a. • 
First and second interlayer insulating films 563 
5 and 565 are provided with contact holes 565b and 
565c, which reach p + external base region 51 1 and 
n + diffusion layer 513, respectively. Conductive lay- 
ers 571b and 571c are in contact with p + external 
base region 511 and n + diffusion region 513 
io through contact holes 565b and 565c, respectively. 

In nMOS transistor region 520, a p~ well region 
523 is formed on the surface of p~ semiconductor 
substrate 501 . A plurality of nMOS transistors 530 
are formed on the surface of p~ well region 523. 
75 Each nMOS transistor 530 includes a pair of n- 

type source/drain regions 525, a gate oxide film 
527 and a gate electrode 529. 

Each pair of n-type source/drain regions 525 
are formed on p~ well region 523 with a predeter- 
20 mined space between each other, n-type 
source/drain region 525 has an LDD (Lightly Doped 
Drain) structure formed of a relatively lightly doped 
n~ impurity region 525a and a relatively heavily 
doped n + impurity region 525b. A gate electrode 
25 529 is formed on a region between paired n-type 
source/drain regions 525 with a gate oxide film 527 
therebetween. 

nMOS transistor 530 is covered with first inter- 
layer insulating film 563. First interlayer insulating 
30 film 563 is provided with an aperture 563b which 
reaches one of paired source/drain regions 525. An 
interconnection layer 535 is formed on first inter- 
layer insulating film 563 and is in contact with n- 
type source/drain region 525 through aperture 
35 563b. Interconnection layer 535 is made of poly- 
crystalline silicon doped with arsenic. 

The surface of interconnection layer 535 is 
covered with second interlayer insulating film 565, 
which is provided with a contact hole 565d reach- 
40 ing interconnection layer 535. A conductive layer 
571 d is in contact with interconnection layer 535 
through contact hole 565d. 

First and second interlayer insulating films 563 
and 565 are provided with a contact hole 565e 
45 reaching n-type source/drain region 525. A conduc- 
tive layer 571 e is in contact with n-type 
source/drain region 525 through contact hole 565e. 

In pMOS transistor region 540, an n + buried 
layer 541 is formed on the surface of p~ semicon- 
50 ductor substrate 501. An n~ well region 543 is 
formed on the surface of n + buried layer 541. A 
pMOS transistor 550 is formed on the surface of n~ 
well region 543. 

pMOS transistor 550 has a pair of p + 
55 source/drain regions 545, a gate oxide film 547 and 
a gate electrode 549. 

A pair of p + source/drain regions 545 are 
formed on the surface of n~ well region 543 with a 

2 



EP 0 646 952 A2 



predetermined space between each other. Gate 
electrode 549 is formed on a region between 
paired $) + source/drain regions 545 with a gate 
oxide film 547 therebetween. 

pMOS transistor 550 is covered with first and 5 
second interlayer insulating films 563 and 565. First 
and second interlayer insulating films 563 and 565 
are provided with contact holes 565f reaching 
paired p + source/drain regions 545. Conductive lay- 
ers 571 f are in contact with p + source/drain regions io 
545 through contact holes 565f. 

Element isolating oxide films 561 are provided 
for electrically isolating regions 510, 520 and 540 
and others from each other. 

A method of manufacturing the conventional is 
semiconductor device will be described below. 

Figs. 63 to 83 are schematic cross sections 
showing a process of manufacturing the conven- 
tional semiconductor device in accordance with the 
order of process steps. Referring first to Fig. 63, a 20 
silicon oxide film 581 is formed on the whole 
surface of p~ semiconductor substrate 501, for 
example, by thermal oxidation. Thereafter, silicon 
oxide film 581 is patterned into a predetermined 
configuration. Using silicon oxide film 581 thus 25 
patterned as a mask, impurity such as antimony 
(Sb) is implanted into p~ semiconductor substrate 
501. Then, heat treatment at about 1100*C is 
executed for about 2 hours, whereby n + layers 
503a and 541a are formed on the surface of p" 30 
semiconductor substrate 501. Thereafter, silicon 
oxide film 581 is removed. 

Referring to Fig. 64, n~ epitaxial growth layer 
505 is formed on the whole surface of p~ semicon- 
ductor substrate 501. Thereby, such a structure is 35 
completed that n + buried layers 503 and 541 are 
buried between p~ semiconductor substrate 501 
and n~ epitaxial growth layer 505. 

Referring to Fig. 65, n-type impurity such as 
phosphorus (P) is introduced into n~ epitaxial 40 
growth layer 543 located above n + buried layer 541 
and then is diffused. Thereby, n~ well region 543 is 
formed above n + buried layer 541. p-type impurity 
such as boron (B) is introduced into a predeter- 
mined region in n~ epitaxial growth layer 505 and 45 
then is diffused. Thereby, p~ well region 523 is 
formed. 

Referring to Fig. 66, element isolating oxide 
films 561 are formed at predetermined regions, for 
example, by an LOCOS (Local Oxidation of Silicon) 50 
method. 

Referring to Fig. 67, a silicon oxide film (Si0 2 ) 
583 and a silicon nitride film (Si3N*) 585, which 
have apertures at predetermined regions and are 
300A and 1000A in thickness, respectively, are 55 
formed by deposition successively on the whole 
surface. Using silicon oxide film 583 and silicon 
nitride film 585 as a mask, the structure is exposed 



DOCID: <EP 0646952A2_1_> 



to an atmosphere containing, e.g., POCI3. Thereby, 
phosphorus is diffused into n~ epitaxial growth 
layer 505 to form n + diffusion layer 513 for leading 
the collector. Thereafter, silicon nitride film 585 and 
silicon oxide film 583 are successively removed. 

Referring to Fig. 68, a thermal oxidation film 
527a is formed on the whole surface by thermal 
oxidation. Then, an LPCVD (Low Pressure Chemi- 
cal Vapor Deposition) method is used to form a 
polycrystalline silicon film 529a and a silicon oxide 
film 531a each having a thickness of about 2000A 
by successive deposition. The silicon oxide film 
531a and polycrystalline silicon film 529a are pat- 
terned into a predetermined configuration by pho- 
tolithography and etching. 

Referring to Fig. 69, gate electrodes 529 and 
549 having the predetermined configuration are 
formed by the aforementioned patterning. 

Referring to Fig. 70, photoresist 591a is applied 
to the whole surface, and then is exposed and 
developed. Thereby, a resist pattern 591a exposing 
the nMOS transistor region is formed. Using resist 
pattern 591a and gate electrode 529 as a mask, n- 
type impurity is implanted to form relatively lightly 
doped n~ impurity region 525a on the surface of 
p~ well region 523. Thereafter, resist pattern 591a 
is removed. 

Referring to Fig. 71, a silicon oxide film 533a is 
formed over the whole surface. Thereafter, an- 
isotropic etching is effected on silicon oxide film 
533a. 

Referring to Fig. 72, by the aforementioned 
anisotropic etching, side wall oxide films 533 and 
553 covering side walls of gate electrodes 529 and 
549 are formed. This anisotropic etching removes 
thin silicon oxide film 527a at a lower level, where- 
by gate oxide films 527 and 547 are formed. 

Referring to Fig. 73, photoresist 591b is ap- 
plied to the whole surface, and is exposed and 
developed. Thereby, resist pattern 591b exposing 
the nMOS transistor region is formed. Using resist 
pattern 591b, gate electrodes 529 and side wall 
oxide films 533 as a mask, n-type impurity is 
implanted. This implantation forms relatively heav- 
ily doped n + impurity regions 525b on the surface 
of p~ well region. n~ impurity regions 525a and n + 
impurity regions 525b form n-type source/drain re- 
gions 525 having a LDD structure. Thereby, nMOS 
transistors 530 are formed. Thereafter, resist pat- 
tern 591 is removed. 

Referring to Fig. 74, photoresist 591c is applied 
to the whole surface, and is exposed and devel- 
oped to form resist pattern 591c which exposes the 
pMOS transistor region and a predetermined region 
of the bipolar transistor. Using resist pattern 591c 
as a mask, p-type impurity is implanted into n~ 
well region 543 and n~ epitaxial growth layer 505. 
This implantation forms p + source/drain regions 
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545 at the pMOS transistor region and also forms 
p + external base region 51 1 at the bipolar transistor 
region. Thereby, pMOS transistor 550 is formed. 
Thereafter, resist pattern 591c is removed. 

Referring to Fig. 75, photoresist 591 d is ap- 
plied to the whole surface, and is exposed and 
developed to form resist pattern 591 d which ex- 
poses a predetermined region of the bipolar tran- 
sistor. Using resist pattern 591 d as a mask, p-type 
impurity is implanted into n~ epitaxial growth layer 
505. By this implantation and others, p~ base re- 
gion 507 adjoining to p + external base region 511 
are formed. Thereafter, resist pattern 591 d is re- 
moved. 

Referring to Fig. 76, first interlayer insulating 
film 563 made of, e.g., a silicon oxide film is 
formed on the whole surface. The surface of first 
interlayer insulating film 563 has unevenness re- 
flecting difference in level of lower layers. 

Referring to Fig. 77, photoresist 591 e is ap- 
plied to the whole surface, and is exposed and 
developed to form resist pattern 591 e having a 
predetermined configuration. Using this resist pat- 
tern 591 e as a mask, processing such as RIE 
(Reactive Ion Etching) is effected on the first inter- 
layer insulating film 563. In first interlayer insulating 
film 563, the aforementioned processing such as 
RIE forms emitter aperture 563a which partially 
exposes the surface of p~ base region 507, and 
also forms aperture 563b which exposes n-type 
source/drain region 525. Thereafter, resist pattern 
591 e is removed. 

Referring to Fig. 78, the LPCVD method is 
executed to form polycrystalline silicon film 515a 
on the whole surface of first interlayer insulating 
film 563. 

Referring to Fig. 79, arsenic is implanted into 
the whole surface of polycrystalline silicon film 
515a. Thereafter, RTA (Rapid Thermal Annealing) 
or the like is executed to effect high temperature 
thermal treatment thereon, for example, at a tem- 
perature of about 1050°C for about 30 seconds. 
Thereby, arsenic is uniformly diffused into doped 
polycrystalline silicon film 515b, and is also dif- 
fused into n" epitaxial growth layer 505, so that n + 
emitter region 509 is formed. 

Referring to Fig. 80, doped polycrystalline sili- 
con film 515b is patterned into a predetermined 
configuration by photolithography and etching. This 
forms emitter electrode 515 connected to n + emit- 
ter region 509 through emitter aperture 563a, and 
interconnection layer 535 connected to n-type 
source/drain region 525 through aperture 563b. 

Referring to Fig. 81, second interlayer insulat- 
ing film 565 is formed on the whole surface of first 
interlayer insulating film 563 to cover emitter elec- 
trode 515 and interconnection layer 535. Photores- 
ist 591 f is applied to the whole surface of second 



interlayer insulating film 565, and is exposed and 
developed. Resist pattern 591f thus formed and 
having a predetermined configuration is used as a 1 
mask for effecting anisotropic etching. This etching 
5 forms contact holes 565a, 565b, 565c, 565d, 565e 
and 565f. Thereafter, resist pattern 591 f is re- 
moved. 

Referring to Fig. 82, conductive layers 571a, 
571b, 571c, 571 d, 571 e and 571f are formed, which 
w are in contact with conductive regions or others 
exposed at the bottoms through contact holes 
565a, 565b, 565c, 565d, 565e and 565f, respec- 
tively. 

In the conventional method of manufacturing 
75 the semiconductor device described above, it is 
necessary to carry out heat treatment by RTA in 
the process shown in Fig. 79. According to the 
RTA, wafer only is thermally processed at a high 
temperature by lamp heating. The heat treatment 
20 by the RTA is required because of the following 
reason. 

In the conventional method of manufacturing 
the semiconductor device, emitter electrode 515 
and interconnection layer 535 shown in Fig. 62 are 

25 formed by patterning the polycrystalline silicon film 
into which impurity is ion-implanted. 

More specifically, at the process shown in Figs. 
78 and 79, impurity is ion-implanted into poly- 
crystalline silicon film 515a. The impurity is in- 

30 jected from above the substrate and perpendicu- 
larly into the substrate. Therefore, non-implanted 
regions in which impurity has not been implanted 
are formed along the side walls of aperture 563b 
and emitter aperture 563a in doped polycrystalline 

35 silicon film 515b within regions Si and S 2 in Fig. 
79. 

Fig. 83 is an enlarged fragmentary cross sec- 
tion showing region Si in Fig. 79 for explaining the 
fact that there is generated the non-implanted re- 

40 gions. Referring to Fig. 83, the side wall of aperture 
563b has a height H 2 from the surface of p" well 
region 523. This height H 2 is much larger than a 
thickness T p of doped polycrystalline silicon film 
515a. Therefore, it is very difficult to ion-implant 

45 the impurity into portions along the side walls. 

In particular, in the MOS transistor region, a 
gate part portion must be formed on the substrate. 
Therefore, height H 2 of side wall of first interlayer 
insulating film 563 is large due to a height Hi of 

50 the gate portion (i.e., gate oxide film 527, gate 
electrode 529 and insulating film 531). Meanwhile, 
in the bipolar transistor region, a gate electrode is 
not necessary. Therefore, height H 2 of side wall of 
aperture 563b formed in the MOS transistor region 

55 is larger than the height of side wall of emitter 
aperture formed in the bipolar transistor region 
within region S 2 in Fig. 79. As is apparent from the 
above, impurity is hardly implanted into the portion 
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of polycrystailine silicon film 515a along the high 
side wall of aperture 563b. 

Whfan the side wall has the non-implanted re- 
gion, a so-called non-diffusion region 515a, i.e., 
region into which impurity is not diffused, is formed 
at the side wall of doped polycrystailine silicon film 
563b as shown in Fig. 84, unless high temperature 
heat treatment such as RTA is not effected. 

Interconnection layer , 51 5b generally has the 
interconnection resistance as shown in Fig. 85. The 
interconnection resistance is represented as com- 
bination of resistances of portions other than that 
within aperture 563b (which will be referred to as 
"resistances of flat portions"), resistances of the 
side wall of aperture 563b and a resistance of a 
contact portion (boundary surface) between aper- 
ture 563b and source/drain region 525. Therefore, if 
non-diffusion region 515a is formed, the resistance 
of the side wall increases, so that the interconnec- 
tion resistance of interconnection layer 515b locally 
increases. 

In order to prevent increase of the interconnec- 
tion resistance, it is necessary to uniformly diffuse 
the impurity, for preventing generation of the non- 
diffusion region. Therefore, the high temperature 
heat treatment by RTA is required so as to uni- 
formly diffuse the impurity up to the side wall of 
aperture 563b as shown in Fig. 84. 

The conventional method of manufacturing the 
semiconductor device requires the heat treatment 
by RTA as described above. 

Due to the heat treatment by RTA, the conven- 
tional semiconductor device and the method of 
manufacturing the same have such problems that 
(1) degree of integration cannot be improved and 
that (2) interconnection resistance of the emitter 
electrode and others can be reduced. These prob- 
lems will be described below in greater detail. 

(1) In connection with improvement of degree of 
integration 

Elimination of the heat treatment is essential in 
order to improve the degree of integration and the 
performance of the conventional semiconductor de- 
vice according to a scaling rule. The same is 
especially true with respect to the MOS transistor. 

Referring to Fig. 86, the heat treatment by RTA 
is executed for uniform diffusion of impurity into 
doped polycrystailine silicon film 51 5b as de- 
scribed above. The high temperature heat treat- 
ment, however, causes n* impurity region 525b to 
spread in a depth direction indicated by arrows Ji 
and a width direction indicated by arrows J2. Thus, 
a so-called shallow junction cannot be formed. 

In such case, n + source/drain regions 525b 
spread as shown by dotted line in the figure, so 
that punch-through is likely to occur. Since n~ 



impurity regions 525a are taken into n' impurity 
regions 525b, it is difficult to reduce a hot electron 
effect. 

In order to achieve the high integration, a gate 
5 length L G i of gate electrode 529 may be reduced, 
in which case a distance between adjoining n + 
source/drain regions 525b decreases. Therefore, 
heat treatment by RTA will promote the disadvanta- 
geous punch-though and impair a characteristic 
10 relating to resistance against hot electrons. There- 
fore, gate length L G1 of gate electrode 529 cannot 
be reduced, which makes it difficult to improve the 
degree of integration. As described above, the con- 
ventional method of manufacturing the semicon- 
75 ductor device cannot sufficiently improve the de- 
gree of integration because it requires the high 
temperature heat treatment such as RTA. 

(2) With respect to reduction of interconnection 
20 resistance of emitter electrode and others 

Generally, if arsenic and phosphorus are intro- 
duced into polycrystailine silicon, segregation of 
arsenic at grain boundaries in the polycrystailine 

25 silicon is more likely than phosphorus. Therefore, if 
arsenic and phosphorus are individually introduced 
at the same concentration into the polycrystailine 
silicon, a concentration of carriers (activated impu- 
rity in grains) of arsenic would be lower than that of 

30 phosphorus by a degree corresponding to the seg- 
regation of arsenic at the grain boundaries. 

Fig. 87 shows a relationship between an an- 
nealing temperature and a carrier concentration in 
the case where phosphorus and arsenic are individ- 

35 ually introduced into polycrystailine silicon at a 
concentration of 2x10 19 cm~ 3 . As is seen from Fig. 
87, in the case where arsenic and phosphorus are 
individually implanted to attain the same concentra- 
tion, the concentration of carries of phosphorus is 

40 higher than that of arsenic regardless of the anneal- 
ing temperature. If these are introduced to have the 
same concentration, therefore, phosphorus can 
achieve a lower resistance. From a viewpoint of the 
low resistance, therefore, polycrystailine silicon 

45 doped with phosphorus is more suitable to the 
interconnection layer than that doped with arsenic. 

Fig. 88 shows a relationship between an impu- 
rity concentration and a resistivity when phospho- 
rus and arsenic are individually introduced into 

50 polycrystailine silicon. In the case of arsenic shown 
in Fig. 88, the resistivity is saturated and will no 
longer lower when the concentration attains 
2xl0 20 cm~ 3 or more. Meanwhile, in the case of 
phosphorus, the resistivity lowers even at the con- 

55 centration higher than the aforementioned value. As 
can be seen also from this result, polycrystailine 
silicon doped with phosphorus is more suitable to 
the interconnection layer than polycrystailine silicon 
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doped with arsenic form the viewpoint of low resis- 
tance. 

However, phosphorus is diffused more rapidly 
than arsenic. Therefore, if polycrystalline silicon 
515b were doped with phosphorus at the conven- 
tional manufacturing step shown in Fig. 79, and 
then RTA were effected to form emitter region 509 
in Fig. 80, emitter region 509 would spread exces- 
sively, in which case an intended base width might 
not be obtained. 

Fig. 89 shows a reason by which the intended 
base width cannot be obtained if the polycrystalline 
silicon is doped with phosphorus. Referring to Fig. 
89, high temperature heat treatment promotes dif- 
fusion of phosphorus from emitter electrode 515 
toward p~ base region 507 in a direction indicated 
by arrow J. Thereby, n + emitter region 509 is 
formed deep, resulting in reduction of a width W 2 
of p~ base region 507 immediately under n + emit- 
ter region 509. if width W 2 of p~ base region 507 is 
small, a collector-emitter breakdown voltage of the 
npn bipolar transistor decreases. 

In view of the reduction of the breakdown volt- 
age, it has been difficult to introduce phosphorus at 
a high concentration into emitter electrode 515. In 
the conventional semiconductor device, therefore, 
the phosphorus concentration cannot be larger than 
1x10 20 cm~ 3 if phosphorus is introduced into emit- 
ter electrode 515. Although it is preferable to intro- 
duce phosphorus from the viewpoint of the inter- 
connection resistance, the concentration of phos- 
phorus cannot be high because of the aforemen- 
tioned reason, so that it is impossible to reduce the 
interconnection resistance of emitter electrode 51 5 
in the prior art. 

Consequently, according to the conventional 
semiconductor device and the method of manufac- 
turing the same, it is impossible to further reduce 
the overall interconnection resistance of the emitter 
electrode while maintaining a good breakdown volt- 
age characteristic. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a meth- 
od of manufacturing a semiconductor device of 
which degree of integration can be easily im- 
proved. 

Another object of the invention is to provide a 
semiconductor device, in which interconnection re- 
sistances of an emitter electrode and others are 
reduced, as well as a method of manufacturing the 
same. 

A method of manufacturing a semiconductor 
device of the invention includes the following steps. 

First, a collector impurity region of a first con- 
ductivity type is formed on a main surface of a 
semiconductor substrate. A base impurity region of 
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a second conductivity type is formed on the main 
surface of the semiconductor substrate within the 
collector impurity region. An emitter impurity region 
of the first conductivity type is formed at the main 

5 surface of the semiconductor substrate with the 
base impurity region. A vapor deposition method is 
carried out to form polycrystalline silicon which is 
doped with phosphorus and is in contact with the 
emitter impurity region. 

10 According to the method of manufacturing the 

semiconductor device of the invention, the poly- 
crystalline silicon doped with the phosphorus is 
formed by the vapor deposition method. Thus, the 
phosphorus is introduced into the polycrystalline 

15 silicon simultaneously with the formation thereof by 
the vapor deposition method. According to this 
method, the phosphorus is uniformly introduced 
into the polycrystalline silicon. Therefore, it is pos- 
sible to eliminate a heat treatment at a high tem- 

20 perature by RTA which has been required for uni- 
form diffusion of the impurity into the polycrystal- 
line silicon. Owing to elimination of the heat treat- 
ment by the RTA, it is possible to prevent spread- 
ing of n + impurity region forming an LDD structure 

25 particularly in an MOS transistor. Therefore, it is 
possible to prevent problems such as punch 
through and deterioration of characteristics relating 
to a resistance against hot electrons in the MOS 
transistor. Accordingly, sizes of various portions 

30 such as a gate length of the MOS transistor can be 
reduced, which facilitates increase of a degree of 
integration. 

Since it is possible to eliminate the heat treat- 
ment by RTA, it is naturally possible to prevent 

35 diffusion of impurity from an emitter electrode into 
a base impurity region, which may be caused 
during the heat treatment. Such a problem can also 
be prevented that the emitter impurity region is 
formed deep in the base impurity region due to the 

40 above diffusion and thereby a width of the base 
impurity region is reduced. Accordingly, even if a 
concentration of the phosphorus in the emitter 
electrode is increased, a collector-emitter break- 
down voltage of a bipolar transistor does not dete- 

45 riorate, and a good breakdown voltage characteris- 
tic can be maintained. Therefore, an interconnec- 
tion resistance of the emitter electrode can be 
reduced while maintaining a good breakdown volt- 
age characteristic. 

50 A semiconductor device according to the in- 

vention includes a semiconductor substrate, a col- 
lector impurity region of a first conductivity type, a 
base impurity region of a second conductivity type, 
an emitter impurity region of the first conductivity 

55 type, and a conductive layer. The semiconductor 
substrate has a main surface. The collector impu- 
rity region of the first conductivity type is formed at 
the main surface of the semiconductor substrate. 
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The base impurity region of the second conductiv- 
ity type is formed at the main surface of the 
semiconductor substrate within the base impurity 
region of the second conductivity type. The emitter 
impurity region of the first conductivity type is 
formed at the main surface of the semiconductor 
substrate with the base impurity region. The con- 
ductive layer is in contact with the emitter impurity 
region. The conductive layer contains polycrystal- 
line silicon into which phosphorus is introduced at 
a concentration not less than 1x10 20 cm~~ 3 . 

The semiconductor device according to the 
above aspect of the invention, the concentration of 
the phosphorus can be increased. Therefore, the 
concentration of the phosphorus which is intro- 
duced substantially uniformly into the emitter elec- 
trode can be at least 1x1 0 20 cm -3 , which cannot be 
attained by the prior art, and thereby the intercon- 
nection resistance of the emitter electrode can be 
reduced. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross section showing a 
structure of a semiconductor device of a first 
embodiment of the invention; 
Figs. 2 to 16 are schematic cross sections 
showing a process of manufacturing the semi- 
conductor device of the first embodiment of the 
invention in accordance with the order of pro- 
cess steps; 

Fig. 17 is a schematic cross section showing a 
structure in which an emitter electrode and an 
interconnection layer have a polycide structure 
in the first embodiment of the invention; 
Fig. 18 is an equivalent circuit diagram showing 
a partial structure within a memory cell array of 
an SRAM; 

Fig. 19 shows a structure of a memory cell in 
the SRAM; 

Fig. 20 shows a relationship between a phos- 
phorus concentration and a sheet resistance in 
the case where an emitter electrode and an 
interconnection layer are each formed of a sin- 
gle polycrystalline silicon film layer of 2000A in 
thickness doped with phosphorus; 
Fig. 21 is an enlarged schematic cross section 
of a bipolar transistor region shown in Fig. 1 for 
showing reduction of a collector-emitter break- 
down voltage; 

Fig. 22 shows a relationship between a phos- 
phorus concentration and a collector-emitter 
breakdown voltage BV CE0 in the case where an 
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emitter electrode and an interconnection layer 
are each formed of a single polycrystalline sili- 
con film layer doped with phosphorus; 
Fig. 23 shows a relationship between a phos- 
5 phorus concentration and a sheet resistance in 

the case where an emitter electrode and an 
interconnection layer each have a polycide 
structure; 

Fig. 24 shows a relationship between a phos- 
io phorus concentration and a direct contact resis- 

tance in the case where an emitter electrode 
and an interconnection layer have a polycide 
structure; , 
Fig. 25 shows a relationship between a phos- 
15 phorus concentration and a collector-emitter 

breakdown voltage in the case where an emitter 
electrode and an interconnection layer have a 
polycide structure; 

Fig. 26 is a schematic cross section showing a 
20 structure of a semiconductor device of a second 

embodiment of the invention; 
Figs. 27 to 34 are schematic cross sections 
showing a process of manufacturing the semi- 
conductor device of the second embodiment of 
25 the invention in accordance with the order of 
process steps; 

Fig. 35 is a schematic cross section showing a 
structure in which an emitter electrode and an 
interconnection layer have a polycide structure 
30 in the second embodiment of the invention; 

Figs. 36 and 37 show a process of forming an 
n + emitter region in the first embodiment of the 
invention in accordance with the order of pro- 
cess steps; 

35 Figs. 38 and 39 show a process of forming an 
n + emitter region in the second embodiment of 
the invention in accordance with the order of 
process steps; 

Figs. 40 to 42 show a process of forming an 

40 aperture in a self-aligned manner in the second 
embodiment of the invention in accordance with 
the order of process steps; 
Fig. 43 is a schematic cross section showing a 
structure of a semiconductor device of a third 

45 embodiment of the invention; 

Figs. 44 to 58 are schematic cross section 
showing a process of manufacturing the semi- 
conductor device of the third embodiment of the 
invention in accordance with the order of pro- 

50 cess steps; 

Fig. 59 is a schematic cross section showing a 
structure in which an emitter electrode and an 
interconnection layer have a polycide structure 
in the third embodiment of the invention; 

55 Fig. 60 is a schematic cross section showing a 

manner in which an emitter aperture is formed 
in an insulating film on a base electrode by 
photolithography without providing a side wall 
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oxide film; 

Fig. 61 is a schematic cross section showing a 
manner in which a side wall oxide film is formed 
in the third embodiment of the invention; 
Fig. 62 is a schematic cross section showing a 
structure of a conventional semiconductor de- 
vice; 

Figs. 63 to 82 are schematic cross sections 
showing a process of manufacturing the conven- 
tional semiconductor device in accordance with 
the order of process steps; 

Fig. 83 is an enlarged fragmentary cross section 
showing a region Si in Fig. 79 for explaining the 
fact that a non-implanted region is generated; 
Fig. 84 is an enlarged fragmentary cross section 
showing a region Si in Fig. 79 for explaining the 
fact that the non-implanted region is generated; 
Fig. 85 schematically shows resistances of var- 
ious portions generated due to a polycrystalline 
silicon film doped with phosphorus; 
Fig. 86 is a schematic cross section explaining a 
problem caused by RTA; 

Fig. 87 shows a relationship between an anneal- 
ing temperature and a carrier concentration in 
the case where arsenic and phosphorus are 
individually introduced into polycrystalline silicon 
at a concentration of 2x1 0 19 cm -3 ; 
Fig. 88 shows a relationship between an impu- 
rity concentration and a resistivity in the case 
where arsenic and phosphorus are individually 
introduced into polycrystalline silicon; and 
Fig. 89 is a fragmentary cross section explaining 
the fact that a base width of a base region 
decreases. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Embodiments of the invention will be described 
below with reference to the drawings. 

Embodiment 1 

Referring to Fig. 1, a Bi-CMOS structure has a 
bipolar transistor region 10, an nMOS transistor 
region 20 and a pMOS transistor region 40, all of 
which are formed on a common semiconductor 
substrate. 

In bipolar transistor region 10, an n + buried 
layer 3 is formed on a surface of a p~ semiconduc- 
tor substrate 1 made of silicon doped with impurity. 
p~ semiconductor substrate 1 is doped with p-type 
impurity at a concentration from 1x10 15 to 
5x10 15 cm~ 3 . n + buried layer 3 is doped with n-type 
impurity at a concentration of about 5x1 0 20 cm" 3 . 
On the surface of n + buried layer 3, there are 
formed an n~ epitaxial growth layer 5 and an n + 
diffusion layer 13 for leading a collector. n~ epitax- 



SDOCID: <EP_0646952A2_I_> 



ial growth layer 5 is doped with n-type impurity at a 
concentration of about 1x10 16 cm -3 . n + diffusion 
layer 13 is doped with n~ type impurity at a con- 
centration from about 5x1 0 20 to about IxlO^cm" 3 . 

5 A p~ base region 7 and a p + external base 

region 1 1 adjoining to each other are formed on the 
surface of n~ epitaxial growth layer 5. p~ base 
region 7 is doped with p-type impurity at a con- 
centration of 1x10 17 to 1x10 18 cm~ 3 . p + external 

10 base region 1 1 is doped with p-type impurity at a 
concentration from 5x1 0 20 to IxlO^cm -3 . An n + 
emitter region 9 is formed at a surface of p~ base 
region 7. n + emitter region 9 is doped with n-type 
impurity at a concentration of 5x1 0 20 to 

75 1x10 21 cm~ 3 . 

A first interlayer insulating film 63 having a 
flattened top surface is formed over the surface of 
bipolar transistor region 10. First interlayer insulat- 
ing film 63 is provided with an emitter aperture 63a 

20 reaching n + emitter region 9. An emitter electrode 
15 is formed on first interlayer insulating film 63 
and is in contact with n + emitter region 9 through 
emitter aperture 63a. 

Emitter electrode 15 is made of polycrystalline 

25 silicon doped with phosphorus at a concentration in 
a range of from IxlO^cm -3 to 6x1 0 20 cm" 3 . 

Emitter electrode 15 is covered with a second 
interlayer insulating film 65 formed on first inter- 
layer insulating film 63. Second interlayer insulating 

30 film 65 is provided with a contact hole 65a reaching 
emitter electrode 15. A conductive layer 71a is 
formed on second interlayer insulating film 65 and 
is in contact with emitter electrode 15 through 
contact hole 65a. 

35 First and second interlayer insulating films 63 

and 65 are provided with a contact hole 65b reach- 
ing p + external base region 11 and a contact hole 
65c reaching n + diffusion layer 13. Conductive lay- 
ers 71b and 71c are in contact with p + external 

40 base region 11 and n + diffusion layer 13 through 
contact holes 65b and 65c, respectively. 

In nMOS transistor region 20, a p~ well region 
23 is formed on the surface of p~ semiconductor 
substrate 1. p~~ well region 23 is doped with p-type 

45 impurity at a concentration of about 1x10 16 cm~ 3 . 
nMOS transistors 30 are formed on the surface of 
p" well region 23. 

Each nMOS transistor 30 has a pair of n-type 
source/drain regions 25, a gate oxide film 27 and a 

50 gate electrode 29. 

Each of paired n-type source/drain regions 25 
has an LDD structure formed of two layers, i.e., a 
lightly doped n~ impurity region 25a and a heavily 
doped n + impurity region 25b. n~ impurity region 

55 25a is doped with n-type impurity at a concentra- 
tion of about 1x10 l8 cm~ 3 . n* impurity region 25b is 
doped with n-type impurity at a concentration from 
5x1 0 20 to 1x10 21 cm~ 3 . A gate electrode 29 is 
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formed on a region between paired source/drain 
regions 25 with a gate oxide film 27 therebetween. 

An insulating film 31 made of a silicon oxide 
film is formed on the surface of each gate elec- 
trode 29. A side wall of gate electrode 29 is cov- 
ered with a side wall oxide film 33. 

nMOS transistor region 20 is covered with first 
interlayer insulating film 63 having a flattened top 
surface. First interlayer insulating film 63 is pro- 
vided with an aperture 63b which reaches one of 
paired n-type source/drain regions 25. An intercon- 
nection layer 35 is formed on first interlayer insulat- 
ing film 63 and is in contact with n-type 
source/drain regions 25 through aperture 63b. 

Interconnection layer 35 is made of polycrystal- 
line silicon doped with phosphorus at a concentra- 
tion from 1x10 20 cm~ 3 to 6x10 20 cm~ 3 . 

The surface of interconnection layer 35 is cov- 
ered with a second interlayer insulating film 65 
formed on the surface of first interlayer insulating 
film 63. Second interlayer insulating film 65 is 
provided with a contact hole 65d reaching a sur- 
face of a portion of interconnection layer 35. A 
conductive layer 71 d is in contact with interconnec- 
tion layer 35. through contact hole 65d. 

First and second interlayer insulating films 63 
and 65 are provided with a contact hole 65e reach- 
ing the other of paired n-type source/drain regions 
25. A conductive layer 71 e is in contact with n-type 
source/drain region 25 via contact hole 65e. 

In pMOS transistor region 40, an n + buried 
layer 41 is r formed on the surface of p~ silicon 
substrate 1 . n + buried layer 41 is doped with n-type 
impurity at a concentration of about 5x1 0 20 cm -3 . 
n~ well region 43 is formed on the surface of n + 
buried layer 41 . n~ well region 43 is doped with n- 
type impurity at a concentration of about 
1x10 l6 cm -3 . A pMOS transistor 50 is formed on 
the surface of n" well region 43. 

pMOS transistor 50 has a pair of p + 
source/drain regions 45, a gate oxide film 47 and a 
gate electrode 49. 

Paired source/drain regions 45 are formed on 
the surface of n~ well region 43 and are spaced by 
a predetermined distance from each other. p + 
source/drain regions 45 are doped with p-type im- 
purity at a concentration from 5x1 0 20 to 
Ix10 2l cm~ 3 . A gate electrode 49 is formed on a 
region between paired source/drain regions 45 with 
a gate oxide film 47 therebetween. 

An insulating film 51 made of a silicon oxide 
film is formed on the surface of gate electrode 49. 
A side wall of gate electrode 49 is covered with a 
side wall oxide film 53. 

The surface of pMOS transistor region 40 is 
covered with first interlayer insulating film 63 hav- 
ing the flattened top surface. Second interlayer 
insulating film 65 is formed on the surface of first 
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interlayer insulating film 63. First and second inter- 
layer insulating films 63 and 65 are provided with 
contact holes 65f reaching paired p + source/drain 
regions 45. A conductive layer 71 f is in contact 

5 with each of p + source/drain regions 45 through 
contact hole 65f. 

Element isolating oxide films 61 are provided 
for electrically isolating respective regions 10, 20 
and 40, and others from each other. 

10 A method of manufacturing the semiconductor 

device of the first embodiment of the invention will 
be described below. 

Referring first to Fig. 2, the steps from the first 
step to that in Fig. 2 are the same as the steps in 

15 the conventional manufacturing process shown in 
Fig. 69, and thus, will not be described below. 

Referring to Fig. 3, photoresist 91a is applied 
to the whole surface, and is exposed and devel- 
oped. Thereby, a resist pattern 91a exposing the 

20 nMOS transistor region is formed. Using resist pat- 
tern 91a as a mask, impurity such as phosphorus 
is implanted at about 50keV and about 
2.0x1 0 13 cm~ 2 . By this implantation, n~ impurity re- 
gion 25a is formed at the surface of p" well region 

25 23. Thereafter, resist pattern 91a is removed. 

Referring to Fig. 4, an LPCVD method is ex- 
ecuted to form a silicon oxide film 33a of about 
1500A in thickness on the whole surface. Process- 
ing such as RIE is effected on silicon oxide film 

30 33a. 

Thereby, side wall oxide films 33 are formed to 
cover the side walls of gate electrodes 29, as 
shown in Fig. 5. By the above RIE, a thin silicon 
oxide film 27a at a lower level is simultaneously 

35 etched to form gate oxide films 27 and 47. 

Referring to Fig. 6, photoresist 91b is applied 
to the whole surface, and is exposed and devel- 
oped. Thereby, resist pattern 91b exposing the 
nMOS transistor region is formed. Using resist pat- 

40 tern 91b, gate electrodes 29 and side wall oxide 
films 33 as a mask, impurity such as arsenic is 
implanted into p" well region 23 at about 50keV 
and 4.0x1 0 15 cm~ 2 . By this implantation n+ impurity 
regions 25b are formed. n + impurity regions 25a 

45 and n + impurity regions 25b form n-type 
source/drain regions 25 having the LDD structure, 
n-type source/drain regions 25, gate oxide film 27 
and gate electrode 29 form nMOS transistor 30. 
Thereafter, resist pattern 91b is removed. 

50 Referring to Fig. 7, photoresist 91c is applied 

to the whole surface, and is exposed and devel- 
oped. Thereby, resist pattern 91 c exposing pre- 
determined portions of the pMOS transistor region 
and bipolar transistor region is formed. Using resist 

55 pattern 91c, gate electrode 49 and side wall oxide 
film 53 as a mask, impurity such as boron fluoride 
(BF 2 ) is implanted at about 20keV and 
4.0x1 0 1S cm -2 . By this implantation and others, 

9 



17 



# 

EP 0 646 952 A2 



18 



paired p* source/drain regions 45 are formed on 
the surface of n~ well region 43 and also p' 
external base region 1 1 is formed on the surface of 
n 4 epilaxial growth layer 5. p + source/drain regions 
45, gate oxide film 47 and gate electrode 49 form 
pMOS transistor 50. Thereafter, resist pattern 91c 
is removed. Then, heat treatment is executed, for 
example, at 850 * C for about 30 minutes, whereby 
implanted impurity is activated. 

Referring to Fig. 8, photoresist 91 d is applied 
to the whole surface, and is exposed and devel- 
oped. Thereby, resist pattern 91 d exposing a pre- 
determined portion of bipolar transistor region ia 
formed. Using resist pattern 91 d as a mask, impu- 
rity such as boron fluoride is implanted at about 
50keV and 1.0x10 u cm~ 2 . Owing to this implanta- 
tion and others, p" base region 7 adjoining to p + 
external base region 1 1 is formed at the surface of 
n" 1 epitaxial growth layer 5. Thereafter, resist pat- 
tern 91 d is removed. 

Referring to Fig. 9, a silicon oxide film 63ao 
having a thickness from about 6000A to about 
12000A is formed on the whole surface by the 
LPCVD method. A film such as an SOG (Spin On 
Glass) film 67 is applied to the whole surface of 
silicon oxide film 63ao. When applying SOG film 
67, SOG film 67 is in the form of liquid, so that the 
liquid is likely to be collected at concavities in 
stepped portions of the base, if any. Therefore, 
SOG film 67 thus formed has thick portions above 
the concavities. Thus, SOG film 67 has a substan- 
tially flat top surface. Thereafter, SOG film 67 and 
silicon oxide film 63ao are etched up to a level 
indicated by alternate long and short dash line by 
the RIE method. This etching is carried out under 
the conditions that etching rates of SOG film 67 
and silicon oxide film 63ao are equal to each other. 

Referring to Fig. 10, the above etching forms 
first interlayer insulating film 63 which has a thick- 
ness Ai from about 500A to about 3000A at a 
position above the gate part and has a substantially 
flat top surface. 

Referring to Fig. 11, a resist pattern 91 e having 
a predetermined patterned configuration is formed 
on the surface of first interlayer insulating film 63b. 
Using this resist pattern 91 e as a mask, processing 
such as RIE is effected. Thereby, emitter aperture 
63a, which partially exposes the surface of p~ base 
region 7, and aperture 63b, which partially exposes 
the surface of n~ type source/drain region 25, are 
formed in first interlayer insulating film 63. 

Referring to Fig. 12, arsenic is implanted, for 
example, at about 60keV and 1 .0x10 15 crrr 2 before 
removing resist pattern 91 e. By this implantation, 
n + emitter region 9 is formed at the surface portion 
of p-base region 7 at the bottom of emitter aperture 
63a. Thereafter, resist pattern 91 e is removed. 



Referring to Fig. 13, LPCVD is executed at a 
temperature of 590 • C under a pressure from 0.3 to 
0.5 Torr with gas of silane (SiH*) and phosphine 
(PH3). Thus a polycrystalline silicon film 15b which 

5 contains phosphorus introduced into its whole sur- 
face and has a thickness from about 1000 to about 
3000A is formed. The concentration of phosphorus 
in polycrystalline silicon film 15b is in a range from 
about LOxlO 20 to about 6.0x1 O^crrr 3 . Thereafter, 

10 polycrystalline silicon film 15b doped with phos- 
phorus is patterned into a predetermined configura- 
tion by photolithography and etching. 

Referring to Fig. 14, by this patterning, emitter 
electrode 15 is formed which is in contact with n + 

75 emitter region 9 through emitter aperture 63a, and 
interconnection layer 35 is formed which is in con- 
tact with n-type source/drain region 25 through 
aperture 63b. 

Referring to Fig. 15, second interlayer insulat- 

20 ing film 65 is formed on first interlayer insulating 
film 63 to cover emitter electrode 15 and intercon- 
nection layer 35. A resist pattern 91 f having a 
predetermined patterned configuration is formed on 
the surface of second interlayer insulating film 65. 

25 Using resist pattern 91 f as a mask, anisotropic 
etching is effected on first and second interlayer 
insulating films 63 and 65. Thereby, contact holes 
65a, 65b, 65c s 65d, 65e and 65f each reaching the 
conductive layer or conductive region are formed. 

30 Thereafter, resist pattern 91 f is removed. 

Referring to Fig. 16, conductive layers 71a, 
71b, 71c, 71 d, 71 e and 71 f are formed to be in 
contact with conductive regions and others at the 
lower level through contact holes 65a, 65b, 65c, 

35 65d, 65e and 65f, respectively. 

In this embodiment, as shown in Fig. 1, emitter 
electrode 15 and interconnection layer 35 are each 
made of a single layer of polycrystalline silicon 
doped with phosphorus. Emitter electrode 15 and 

40 interconnection layer 35 according to the invention 
may have other structures such as a polycide 
structure as shown in Fig. 17. 

Referring to Fig. 17, emitter electrode 15a is 
formed of polycrystalline silicon film 15b doped 

45 with phosphorus and a silicide layer 15c formed 
thereon. Interconnection layer 35a is formed of 
polycrystalline silicon film 35b doped with phos- 
phorus and a silicide layer 35c formed on the 
surface thereof. Polycrystalline silicon films 15b 

50 and 35b are doped with phosphorus at a con- 
centration from lxl0 20 cm~ 3 to 1xl0 21 cm~ 3 . 

More specifically, silicide layers 15c and 35c 
are made of material such as WSi2 (tungsten sili- 
cide) or TiSi2 (titanium silicide). 

55 Structures other than those described above 

are the same as those shown in Fig. 1, and thus 
will not be described below. 
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In this embodiment, emitter electrode 15 and 
interconnection layer 35 shown in Fig. 1 are ob- 
tained by patterning polycrystalline silicon film 15b 
doped with phosphorus. Polycrystalline silicon film 
15b is formed by the LPCVD method in such a 
manner that phosphorus is introduced thereinto 
during formation of the film. Phosphorus is diffused 
uniformly and entirely into polycrystalline silicon 
film 15b formed in this manner. Therefore, uniform 
diffusion of impurity into polycrystalline silicon can 
be achieved with Jut requiring heat treatment at a 
high temperature by RTA. 

Since the high temperature heat treatment by 
RTA can be eliminated, it is possible to prevent 
spreading of n + impurity region 25b forming the 
LDD structure particularly in nMOS transistor 30. 
Therefore, disadvantages in the nMOS transistor 30 
such as punch through and deterioration of char- 
acteristics relating to the resistance against hot 
electrons can be prevented. Therefore, it is possi- 
ble to reduce various sizes such as a gate length 
of nMOS transistor 30, and thus the degree of 
integration can be improved easily. 

Since the heat treatment by RTA can be elimi- 
nated, it isypossibie to prevent diffusion of impurity 
from emitter electrode 15 into p" base region 7, 
which may be caused by the heat treatment by 
RTA. Therefore, such a disadvantage can be pre- 
vented that n + emitter region 9 is formed deep in 
p~ base region 7 due to the diffusion and thereby a 
width of p~ base region 7 is reduced. Accordingly, 
even if the.veoncentration of phosphorus in emitter 
electrode 15 is increased, the collector-emitter 
breakdown voltage is not deteriorated, and thus a 
good breakdown voltage characteristic can be 
maintained. It is possible to increase the concentra- 
tion of phosphorus in the emitter electrode 15, and 
therefore, the interconnection resistance of emitter 
electrode 15 can be reduced while maintaining a 
good breakdown voltage characteristic. 

As stated above, the concentration of phos- 
phorus contained in emitter electrode 15 and inter- 
connection layer 35 shown in Fig. 1 can be in- 
creased according to the semiconductor device 
formed by the manufacturing method of this em- 
bodiment. Therefore, it is possible to increase the 
concentration of phosphorus contained in emitter 
electrode 15 and interconnection layer 35 to at 
least 1xl0 2O cm _3 ,which cannot be achieved in the 
prior art. 

Since the concentration of phosphorus in the 
polycrystalline silicon forming emitter electrode 15 
and interconnection layer 35 can be 1x10 20 cm~ 3 or 
more, remarkable effects can be obtained, for ex- 
ample, in the following case. 

Description will be made on the case where 
nMOS transistor 30 shown in Fig. 1 is used as a 
driver transistor of an SRAM (Static Random Ac- 
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cess Memory), and interconnection layer 35 is 
used as a ground line connected to a memory cell 
in the SRAM. 

Referring to Figs. 18 and 19, when a word line 
5 WL is activated (i.e., selected to become high), 
access transistors A1 and A2 are turned on. 
Source/drains of access transistor A1 are connect- 
ed to "L" of a storage node and, via a bit line load, 
to Vcc (High), respectively. Since a potential dif- 

10 ference between "L" of the storage node and Vcc 
is large, a so-called column current flows in a 
direction indicated by an arrow in the figure. 

Access transistor A2 is also turned on. How- 
ever, its source/drains are connected to "H" of the 

75 storage node and Vcc (High), respectively, and a 
potential difference therebetween is small. There- 
. fore, a column current hardly flows through access 
transistor A2. 

As described above, column current I flows 

20 through the path of Vcc bit line load — bit line — 
access transistor A1 of memory cell — > storage 
node "L" driver transistor D1 of memory cell 
N1 — NO — GND. 

When column current I flows through the .above 

25 path, the potential at "L" of the storage node-rises 
if there is an interconnection resistance between 
NO and N1. Thus, the potential of storage node 
rises to a value which is higher than the GND 
potential by a product of column current I and 

30 interconnection resistance between NO and Ml. As 
the potential of storage node rises, the level at "L" 
of the storage node approaches to "H". 

The memory cell in the SRAM stores data by 
setting one of the storage nodes to "L" and setting 

35 the other storage node to "H". If one of the storage 
nodes rises from "L" toward "H", both of the 
storage nodes may be determined as "H". In this 
case, stored data is broken. Therefore, the rise of 
"L" potential of the storage node must be sup- 

40 pressed, and therefore, it is necessary to reduce 
the interconnection resistance between NO and N1. 

More specifically, if column current I is, for 
example, about 200uA and the potential at N1 is to 
be lower than about 0.20V, the resistance between 

45 NO to N1 must be lower than 1000Q. Therefore, if 
the interconnection has a length of about 10um 
and a width of about 1um (10 sheets), it is neces- 
sary to employ a sheet resistance not more than 
about 100n/a. 

so Fig. 20 is a graph showing relation between 

phosphorus concentration and sheet resistance 
when phosphorus is introduced to a polycrystalline 
silicon film having the thickness of 2000A. As can 
be seen from Fig. 20, the sheet resistance must be 

55 at most about 1000/a, so that the phosphorus con- 
centration must be at least about 1x10 20 cm -3 . 

Referring to Fig. 1 again, interconnection layer 
35 connected to nMOS transistor 30 in this em- 
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bodiment has the phosphorus concentration not 
less than IxlO^cm -3 . Therefore, even if nMOS 
transistor 30 is applied to the SRAM described 
above, breakage of data stored in the memory cell 
of the SRAM can be prevented. 

In this embodiment, polycrystalline silicon for- 
ming emitter electrode 15 is doped with phos- 
phorus at a concentration not more than 
6x10™ cm -3 . Therefore, a good collector-emitter 
breakdown voltage BV C eo can be ensured. The 
reason of this is as follows. 

Collector-emitter breakdown voltage BV CEO is 
one of important electrical parameters of the bi- 
polar transistor. If breakdown voltage BV CEO were 
lower than a voltage applied across the collector 
and emitter, it would not operate as a bipolar 
transistor. 

Referring to Fig. 21, collector-emitter break- 
down voltage BV CEO depends on a pn junction 
breakdown voltage across collector 5 and base 7 if 
base width Wi is wide. However, if base width Wi 
is narrow, collector-emitter breakdown voltage 
BVceo depends on a punch through breakdown 
voltage across collector 5 and emitter 9. Punch 
through breakdown voltage across the collector and 
emitter is a voltage at the time when a large 
current flows due to the fact that a depletion layer 
between collector 5 and base 7 continues to a 
depletion layer between emitter 9 and base 5, and 
thereby a collector electric field reduces a diffusion 
potential between emitter 5 and base 7. 

Referring to Fig. 22, if the phosphorus con- 
centration is not more than 6x10 20 cm~ 3 , a relatively 
small amount of phosphorus is diffused from the 
emitter electrode to the substrate. Therefore, col- 
lector-emitter breakdown voltage BV CE0 is main- 
tained at about 7V. If the phosphorus concentration 
exceeds 6x10 20 cm -3 , a relatively large amount of 
phosphorus is diffused from the emitter electrode 
to the substrate. Thereby, the emitter region is 
formed deep, and thus the base width decreases. 
Therefore, collector-emitter breakdown voltage 
BV C eo decreases to a value not more than 7V. 
Accordingly, the concentration of phosphorus in the 
polycrystalline silicon must be at most 6x1 0 20 cm -3 . 

A reference value of collector-emitter break- 
down voltage BV CE o «s 7V. This is determined 
taking into account the fact that a power supply 
voltage currently used in semiconductor devices is 
generally 5V. Thus, the breakdown voltage not less 
than 5V is required, and the reference value is set 
to 7V leaving a margin. 

Description will be made on the case where 
emitter electrode 15a and interconnection layer 35a 
are made of a polycide structure as shown in Fig. 
17. 

Emitter electrode 15a and interconnection layer 
35a including the polycide structure shown in Fig. 



17 can be formed also by the manufacturing meth- 
od of the embodiment. Therefore, polycrystalline 
silicon films 1 5b and 35b can be doped with phos- 
phorus at a concentration not less than 
5 IxlO^cm" 3 . Thereby, the structure shown in Fig. 

17 can achieve a remarkable effect that destruction 
of data stored in the SRAM can be prevented, 
similarly to the structure shown in Fig. 1. 

However, if metal silicide is used as the silicide 

w forming the polycide structure, the metal silicide 
layer has a low resistance. Therefore, a relationship 
shown in Fig. 23 exists between the concentration 
of phosphorus in the polycrystalline silicon forming 
the polycide structure and the sheet resistance of 

75 the polycide structure. 

Fig. 23 shows a case where the polycide struc- 
ture is formed of polycrystalline silicon having a 
film thickness of 1000A and WSi2 having a film 
thickness of 1000 A. 

20 Referring to Fig. 23, the sheet resistance of 

polycide is not more than 300/ti regardless of the 
concentration of phosphorus, and thus is lower than 
the above value of about 10000/a. Therefore, the 
concentration of phosphorus in polycrystalline sili- 

25 con forming the polycide structure can be substan- 
tially negligible from only the viewpoint of the inter- 
connection resistance of the polycide structure. 

However, the polycide structure generally has 
such a nature that metal silicide tends to absorb 

30 dopant in the polycrystalline silicon. Therefore, 
there is a remarkably high resistance at a direct 
contact portion to N1 in Figs. 18 and 19, i.e., at 
contact portion between emitter electrode 35a and 
n-type source/drain region 25 in Fig. 11. More 

35 specifically, the direct contact resistance remark- 
ably increases above 10000 if the concentration of 
phosphorus lowers below 1x10 19 cm -3 . 

In the example stated with reference to Figs. 

18 and 19, the resistance between NO and N1 must 
40 be at less about 10000. However, if the polycide 

structure is employed, and the concentration of 
phosphorus is not more than 1x10 19 cm~ 3 , even the 
direct contact resistance itself exceeds 10000. 

In order to reduce the direct contact resistance 

45 to 1000Q or less, the concentration of phosphorus 
in the polycrystalline silicon must be 1x10 l9 cm~ 3 
or more. It is necessary to take not only the direct 
contact resistance but also the interconnection re- 
sistance of polycide into consideration. Taking 

50 them into consideration, the concentration of phos- 
phorus in the polycrystalline silicon forming the 
polycide structure must be 1x1 0 20 cm -3 or more in 
order to prevent destruction of data stored in a 
memory cell in the SRAM. 

55 In connection with this, the concentration of 

phosphorus in the polycrystalline silicon forming 
the polycide structure is not smaller than 
IxlO^cm -3 in the embodiment. Therefore, the 
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structure shown in Fig. 17 has a remarkable advan- 
tage that destruction of data stored in the memory 
cell of tfje SRAM can be prevented. 

In the case where emitter electrode 15a and 
interconnection layer 35a use the polycide struc- 
ture as shown in Fig. 17, the upper limit of con- 
centration of phosphorus in the polycrystalline sili- 
con forming polycide is 1x10 2l cm~ 3 . 

The reason is substantially the same as that 
relating to the upper limit already described with 
reference to Fig. 1 . However, the polycide structure 
has the nature that the metal silicide tends to 
absorb dopant in the polycrystalline silicon as state 
before. Therefore, the amount of phosphorus dif- 
fused into the substrate from the emitter electrode 
having the polycide structure is smaller than that in 
the structure shown in Fig. 1 by the amount of 
absorbed dopant. 

Therefore, collector-emitter breakdown voltage 
BV CEO does not lower below 7V unless the con- 
centration of phosphorus in the polycrystalline sili- 
con forming the polycide structure as shown in Fig. 
25 exceeds 1x10 21 cm~ 3 . Therefore, phosphorus 
can be introduced into the polycrystalline silicon at 
the concentration up to 1x10 21 cm~ 3 . 

By the - reasons described above, the upper 
limit of concentration of phosphorus in the poly- 
crystalline silicon forming the polycide structure is 
not more than 1x10 21 cm~ 3 . 

Embodiment 2 

Referring to Fig. 26, a semiconductor device of 
a second embodiment includes a silicon oxide film 
101 and a silicon nitride film 103 in addition to the 
structure of the first embodiment. 

Silicon oxide film 101 has a thickness of about 
300A and is formed at the whole surface of sub- 
strate provided with the bipolar transistor, nMOS 
transistor 30 and pMOS transistor 50. Silicon nitride 
film 103 is formed on the whole surface of silicon 
oxide film 101 and has a thickness from about 500 
to about 1000A. Structures other than the above 
are substantially the same as those of the semicon- 
ductor device of the first embodiment, and thus will 
not be described. 

A method of manufacturing the semiconductor 
device of the second embodiment will be de- 
scribed below. 

According to the manufacturing method of this 
embodiment, the same steps as those of the first 
embodiment shown in Figs. 2 to 8 are first ex- 
ecuted. Then, silicon oxide film 101 of about 300A 
in thickness and silicon nitride film 103 from about 
500 to about 1000A in thickness are sequentially 
deposited on the whole surface by the LPCVD 
method. A silicon oxide film 63ao from about 6000 
to about 12000A in thickness is formed on the 



whole surface of silicon nitride film 103 by the 
LPCVD method. A film such as SOG film 67 is 
applied to the whole surface of silicon oxide film 
63ao, and its top surface is substantially flattened 

5 to form the structure shown in Fig. 27. 

Referring to Fig. 27, etching, for example, by 
the RIE method is effected on SOG film 67 and 
silicon oxide film 63ao under the conditions that 
etching rates of SOG film 67 and silicon oxide film 

10 63ao are equal to each other. . 

Referring to Fig. 28, by this etching first inter- 
layer insulating film 63 is formed which has a 
thickness from about 500 A to about 3000 A. at a 
position above the gate part and has the substan- 

75 tially flat top surface. 

Referring to Fig. 29, photoresist 91 e is applied 
to the whole surface of first interlayer insulating film 
63, and is exposed and developed. Thereby, resist 
pattern 91 e having a predetermined patterned con- 

20 figuration is formed. Using this resist pattern 91 e 
as a mask, first interlayer insulating film 63 is 
etched by RIE. This etching is carried out under 
the conditions that an etch selectivity, for example, 
with respect to silicon nitride film 103 is hig.h. By 

25 this etching, apertures reaching the surface of sili- 
con nitride film 103 are formed at predetermined 
regions. Then, silicon nitride film 103 exposed at 
bottoms of the apertures are etched by RIE under 
the conditions that the etch selectivity with respect 

30 to the silicon oxide film is high. Thereafter, portions 
of silicon oxide film 101 exposed at the bottoms of 
apertures 163bi and 163ai are etched by RIE to 
expose the surface of substrate under the con- 
ditions that the etch selectivity with respect to 

35 silicon is high. 

Referring to Fig. 30, by the above etching, an 
emitter aperture 163a exposing the surface of n + 
emitter region 9 and an aperture 163b partially 
exposing the surface of n-type source/drain region 

40 25 are formed. Thereafter, impurity such as arsenic 
is implanted at about 60keV and 1.0x10 15 cnrr 2 . By 
this implantation and others, n + emitter region 9 is 
formed within p~" base region 7. Thereafter, resist 
pattern 91 e is removed. 

45 Referring to Fig. 31, LPCVD is executed at a 

temperature of 590 'C under a pressure from 0.3 to 
0.5 Torr with gas of silane and phosphine. Thereby, 
a polycrystalline silicon film 15b is doped with 
phosphorus is formed on the whole surface. Poly- 

50 crystalline silicon film 15b is substantially uniformly 
doped with phosphorus at a concentration from 
1.0x10 20 cm~ 3 to e.OxlO^cm" 3 . Thereafter, poly- 
crystalline silicon film 15b is patterned into a pre- 
determined configuration. 

55. Referring to Fig. 32, by this patterning, emitter 

electrode 15 being in contact with the n + emitter 
region through emitter aperture 163a and intercon- 
nection layer 35 being in contact with n-type 
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source/drain region 25 through aperture 163b are 
formed. 

Referring to Fig. 33, second interlayer insulat- 
ing film 65 covering emitter electrode 15 and inter- 
connection layer 35 is formed on the whole surface 
of first interlayer insulating film 63. Resist pattern 
91 f having a predetermined patterned configuration 
is formed on the surface of second interlayer in- 
sulating film 65. Using this resist pattern 91 f as a 
mask, etching is successively effected on first and 
second interlayer insulating films 63 and 65. By 
this etching, contact holes 65a, 65b, 65c, 65d, 65e 
and 65f are formed which reach the conductive 
layers or conductive regions at the lower level. 
Thereafter, resist pattern 91 f is removed. 

Referring to Fig. 34, contact holes 71a, 71b, 
71c, 71 d, 71 e and 71 f are formed, which are in 
contact with the conductive layers or conductive 
regions at the lower level through contact holes 
65a, 65b, 65c, 65d, 65e and 65f, respectively. 

The second embodiment has been described 
in connection with the case where each of emitter 
electrode 15 and interconnection layer 35 is formed 
of a single polycrystalline silicon film layer doped 
with phosphorus. This embodiment, however, is not 
restricted thereto, and it may employ emitter elec- 
trode 15 and interconnection layer 35 having a 
polycide structure as shown in Fig. 35. 

Referring to Fig. 35, an emitter electrode 15a 
and an interconnection layer 35a have a polycide 
structure. Specifically, emitter electrode 15a and 
interconnection layer 35a each have a polycrystal- 
line silicon film 15b or 35b doped with phosphorus 
and a silicide layer 15c or 35c formed thereon. 

Polycrystalline silicon films 15b and 35b are 
doped with phosphorus at a concentration of 
1.0x10 20 cm" 3 from 1.0x10 21 cm~ 3 . Silicide layers 
15c and 35c are made of, for example, TiSi 2 - 
(titanium silicide), WS12 (tungsten silicide) or CoSi2 
(cobalt silicide). 

According to the manufacturing method of this 
embodiment, a polycrystalline silicon film forming 
emitter electrode 15 shown in Fig. 26 is formed to 
contain phosphorus by the LPCVD method, which 
is similar to the first embodiment. Therefore, heat 
treatment at a high temperature by RTA is not 
required, and thus the degree of integration can be 
improved easily. 

Since the heat treatment by RTA can be elimi- 
nated, the concentration of phosphorus in the poly- 
crystalline silicon forming emitter electrode 15 can 
be increased, so that the interconnection resistance 
can be reduced. 

Therefore, the Bi-CMOS structure manufac- 
tured by the manufacturing method of this embodi- 
ment can increase the concentration of phosphorus 
in the polycrystalline silicon, which forms emitter 
electrode 15 and interconnection layer 35, to a 



value not less than IxlO^cm" 3 . Therefore, this 
embodiment can achieve a remarkable effect, for 
example, that destruction of data stored in a mem- 
ory cell in the SRAM can be prevented similarly to 

5 the first embodiment. 

According to the Bi-CMOS structure of this 
embodiment, if each of emitter electrode 15 and 
interconnection layer 35 is formed of a single poly- 
crystalline silicon layer (see Fig. 26), the concentra- 

10 tion of phosphorus in the polycrystalline silicon film 
is not more than exIO^cm^ 3 . If emitter electrode 
15a and interconnection layer 35a have the poly- 
cide structure (see Fig. 35), the concentration of 
phosphorus in the polycrystalline silicon film for- 

15 ming the polycide structure is not more than 
1x10 21 cm -3 . Therefore, a good collector-emitter 
breakdown voltage can be obtained similarly to the 
first embodiment. 

This embodiment is additionally provided with 

20 silicon oxide film 101 and silicon nitride film 103. 
Owing to this, (i) a good collector-emitter break- 
down voltage can be maintained, and (ii) the de- 
gree of integration can be improved easily. The 
reason will be described below. 

25 

(i) Maintenance of the collector-emitter breakdown 
voltage 

Referring first to Fig. 36, etching is effected on 
30 first interlayer insulating film 63 with a mask so as 
to form aperture 163a. Since a film thickness T21 
of first interlayer insulating film 63 is not initially 
uniform, first interlayer insulating film 63 is gen- 
erally over-etched to an extent of about 10% of its 
35 film thickness. This over-etches the surface of p~ 
base region 7, so that a deep groove having a 
thickness T22 is formed at the surface of p~ base 
region 7. 

Referring to Fig. 37, n + emitter region 9 is 
40 formed in the structure provided with the groove. 
Formation of n + emitter region 9 is effected, for 
example, by ion implantation with a predetermined 
implantation energy. Therefore, n + emitter region 9 
is formed deeper by the depth T22 of the groove, 
45 and thereby a base width W 2 o of p~ base region 7 
is reduced. Accordingly, the first embodiment may 
not ensure a good collector-emitter breakdown volt- 
age. 

Referring to Fig. 38, the second embodiment is 
so provided with silicon oxide film 101 and silicon 
nitride film 103. Silicon nitride film 103 serves as 
an etch stopper when etching first interlayer in- 
sulating film 63. Silicon oxide film 101 serves as an 
etch stopper in etching silicon nitride film 103. 
55 Opening 163a is extended to the surface of p~ 

base region 7 by the etching of silicon oxide film 
101. Silicon oxide film 101 has a film thickness Ti 1 
which is set to be remarkably smaller than film 
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thickness T 2 i of first interlayer insulating film 63 
shown in Fig. 36. 

More specifically, film thickness Ti i of silicon 
oxide film 101 is 300A while film thickness T21 of 
first interlayer insulating film 63 is from 4500 to 
7000A. Therefore, even if over-etching of 10% is 
effected on the silicon oxide film 101, a depth T12 
of the groove formed at the surface of p~ base 
region 7 is much smaller than depth T22 of the 
groove formed in the first embodiment. 

Accordingly, n + emitter region 9 is not formed 
at so deep a position as shown in Fig. 39, and an 
intended base width W )0 can be obtained. There- 
fore, a good collector-emitter breakdown voltage 
can be maintained. 

(ii) Improvement of degree of integration 

Since this embodiment is provided with silicon 
oxide film 101 and silicon nitride film 103, it is 
possible to form, e.g., an aperture 163b shown in 
Fig. 26 in a self-aligned manner. 

Referring to Fig. 40, a first opening 163ci is 
formed at first interlayer insulating film 63 using 
photolithography and etching. During this etching, 
silicon nitride film 103 serves as an etching stop- 
per. Thereafter, wet etching is successively effec- 
ted on silicon nitride film 103 and silicon oxide film 
101. 

Referring to Fig. 41, by this wet etching, ap- 
erture 163c; is formed exposing the surface of n- 
type source/drain region 25. 

Referring to Fig. 42, interconnection layer 35e 
is formed to be in contact with the exposed surface 
of n-type source/drain region 25 through the ap- 
erture 163c. 

If aperture 163c is formed in the self-aligned 
manner as described above, a distance L P2 be- 
tween the gate electrode 29 and interconnection 
layer 35e can be made shorter than a distance of 
possible misalignment of the mask. 

Meanwhile, as to aperture 163b shown in Fig. 
26, a side surface of gate electrode 29 may be 
exposed at a side wall of aperture 163b due to 
misalignment of the mask at the process shown in 
Figs. 29 and 30. In this case, gate electrode 29 and 
polycrystalline silicon film 15b are short-circuited 
when polycrystalline silicon 15b is formed at the 
process in Fig. 31 . 

In order to prevent the short-circuit, distance 
L P1 between gate electrode 29 and interconnection 
layer 35 shown in Fig. 26 must be larger than a 
distance (from about 0.1 to about 0.2um) of possi- 
ble misalignment of the mask. Meanwhile, an inner 
diameter L c1 of aperture 63b cannot be reduced 
below a predetermined size (about 0.4 to about 
0.5um) due to limitation by photolithography. 
Therefore, as distance L P1 between gate electrode 



29 and interconnection layer 35 increases, a dis- 
tance L w1 between gate electrodes 29 inevitably 
increases. Consequently, it is difficult to attain the 
high integration with the aperture 63b shown in Fig. 
5 26. 

Meanwhile, according to the self-aligned man- 
ner described before, a mask is not required when 
etching the silicon nitride film and silicon oxide film 
101. Therefore, it is not necessary to take into 

10 account the misalignment of the mask. Therefore, 
as shown in Fig. 42, a distance L p2 between gate 
electrode 29 and interconnection layer 35e can be 
made smaller than the distance of possible misalig- 
nment of the mask. Accordingly, a distance L w2 

75 between gate electrodes 29 can be reduced in 
accordance with reduction of distance L p2 ,and thus 
high integration can be achieved. 

Embodiment 3 

20 

Referring to Fig. 43, a Bi-CMOS structure has 
a bipolar transistor region 210, an nMOS transistor 
region 220 and pMOS transistor region 240 all of 
which are formed on the same semiconductor, sub- 
25 strate. 

The Bi-CMOS structure in this embodiment 
differs from the second embodiment in the struc- 
ture of bipolar transistor region 210. 

In bipolar transistor region 210, n + buried layer 

30 3 is formed on the surface of p" semiconductor 
substrate 1 made of silicon doped with impurity. n~ 
epitaxial growth layer 5 and n + diffusion layer 13 
for leading the collector are formed on the surface 
of n + buried layer 3. 

35 A p~ base region 207 and a p + external base 

region 211 adjoining to each other are formed on 
the surface of n~ epitaxial growth layer 5. An n + 
emitter region 209 is formed within p~ base region 
207. Bipolar transistor region 210 is covered with 

40 first interlayer insulating film 63. First interlayer 
insulating film 63 is provided with an aperture 263d 
communicated with p~ base region 207, n + emitter 
region 209 and p + external base region 21 1 . 

A base leading electrode 217 is formed on the 

45 surface of first interlayer insulating film 63 and is in 
contact with p + external base region 211 through 
aperture 263d. A silicon oxide film 218 is formed 
on base electrode 217. An end surface (i.e., side 
surface) of base leading electrode 217 is covered 

50 with a side wall oxide film 219. An emitter aperture 
219a, which has a configuration defined by side 
wall oxide film 219 and reaches the surface of n f 
emitter region 209, is formed in base aperture 
263d. 

55 An emitter electrode 215 is in contact with n + 

emitter region 209 through emitter aperture 219a. 
Emitter electrode 215 is made of polycrystalline 
silicon which is doped with phosphorus at a con- 
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centration from "IxlO^cm -3 to exIO^cm -3 . 

Emitter electrode 215 and base electrode 217 
are covered with second interlayer insulating film 
65 formed on the surface of first interlayer insulat- 
ing film 63. Second interlayer insulating film 65 is 
provided with contact holes 65a and 65b reaching 
emitter electrode 215 and base electrode 217, re- 
spectively. Conductive layers 71a and 71b are in 
contact with emitter electrode 215 and base elec- 
trode 217 through contact holes 65a and 65b, re- 
spectively. 

First and second interlayer insulating films 63 
and 65 are also provided with a contact hole 65c 
reaching n* diffusion layer 13. A conductive layer 
71c is in contact with n + diffusion layer 13 through 
contact hole 65c. 

Structures other than those in bipolar transistor 
region 210 is substantially the same as those of the 
second embodiment, and thus will not be de- 
scribed below. 

A method of manufacturing the semiconductor 
device of the third embodiment of the invention will 
be described below. 

Referring to Fig. 44, a process from the first 
step to the step shown in Figure 44 is the same as 
that in the manufacturing method of the first em- 
bodiment shown in Fig. 6, and thus will not be 
described below. 

Referring to Fig. 45, photoresist is applied to 
the whole surface, and is exposed and developed. 
Thereby, a resist pattern 291c exposing the pMOS 
transistor region is formed. Using resist pattern 
291c as a mask, impurity such as BF 2 is implanted 
at about 20keV and 4.0x1 0 15 cm" 2 . Thereby, a pair 
of p + source/drain regions 45 are formed at the 
surface of n~ well region 43. A pair of source/drain 
regions 45, gate oxide film 47 and gate electrode 
49 form pMOS transistor 50. Thereafter, resist pat- 
tern 291c is removed. 

Referring to Fig. 46, silicon oxide film 101 of 
about 300A in thickness and silicon nitride film 103 
from about 500 to about 1000A in thickness are 
formed on the whole surface by the LPCVD meth- 
od. Silicon oxide film 63ao from about 6000 to 
about 12000A in thickness is formed on the whole 
surface of silicon nitride film 103 by the LPCVD 
method. A film such as SOG film 67 is applied to 
the surface of silicon oxide film 63a. Since SOG 
film 67 is liquid, it tends to be collected in cavities 
at stepped portions on the base, if any. Therefore, 
SOG film 67 has thick portions above the cavities, 
and has a substantially flat top surface. Thereafter, 
SOG film 67 and silicon oxide film 63a are etched 
up to a level indicated by alternate long and short 
dash line, by e.g. the RIE method under the con- 
ditions that etching rates of SOG film 67 and silicon 
oxide film 63a are equal to each other. 



Referring to Fig. 47, by the above etching, first 
interlayer insulating film 63 is formed which has a 
thickness A3 from about 500A to about 3000A at a 
position above the gate part and has a substantially 

5 flat top surface. 

Referring to Fig. 48, photoresist is applied to 
the whole surface of first interlayer insulating film 
63, and is exposed and developed. Thereby, a 
resist pattern 291 g having a hole pattern located 

10 above a predetermined region of the bipolar tran- 
sistor region is formed. Using this resist pattern 
291 g as a mask, first interlayer insulating film 63 is 
etched by the RIE method to expose the top sur- 
face of silicon nitride film 103. This etching is 

15 carried out under the conditions that the etching 
selection ratio, for example, with respect to silicon 
nitride film 103 is high. Then, silicon nitride film 
103 is etched by RIE to expose the top surface of 
silicon oxide film 101 under the conditions that the 

20 etch selectivity with respect to silicon oxide film 
101 is high. Further, silicon oxide film 101 is 
etched by RIE to expose the surface of n + epitaxial 
growth layer 5 under the conditions that the etch 
selectivity with respect to silicon is high. Thus a 

25 base aperture 263d is formed partially exposing the 
surface of n + epitaxial growth layer 5. Thereafter, 
resist pattern 291 g is removed. 

Referring to Fig. 49, a polycrystalline silicon 
film 217a of about 2000A in thickness is formed on 

30 the whole surface by the LPCVD method. Impurity 
such as BF 2 is implanted into the whole surface of 
polycrystalline silicon film 217a at about 40keV and 
about 4.0x10 15 cm~ 2 . A silicon oxide film 218a of 
about 2000A in thickness is formed by the LPCVD 

35 method on the whole surface of polycrystalline 
silicon film 217a. 

Referring to Fig. 50, a resist pattern 291 h hav- 
ing an intended configuration is formed on a pre- 
determined region of silicon oxide film 218a. Using 

40 resist pattern 291 h as a mask, etching is succes- 
sively effected on silicon oxide film 218a and poly- 
crystalline silicon film 217a. By this etching, a base 
electrode 217 is formed which is in contact with the 
surface of n + epitaxial growth layer 5 through base 

45 aperture 263d. An emitter aperture results from the 
formation of base electrode 217. Thereafter, a pre- 
determined heat treatment is effected, whereby bo- 
ron in base electrode 217 is diffused into n + epitax- 
ial growth layer 5 and thereby p + external base 

50 region 21 1 is formed. 

Referring to Fig. 51, impurity such as BF 2 is 
implanted at about 50kev and 1.0x10 u cm~ 2 . By 
this implantation and others, p~ base region 207 is 
formed which adjoins to p + external base region 

55 211, on the surface of n + epitaxial growth layer 5. 
Thereafter, resist pattern 291 h is removed. 

Referring to Fig. 52, a silicon oxide film (not 
shown) of about 2000A in thickness is formed on 
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the whole surface by the LPCVD method, and then 
the whole surface of this silicon oxide film is 
etched , r for example, by RIE. By this etching, the 
side wall oxide film 219 covering the end surface 
(side surface) of base electrode 217 is formed. 
Also emitter aperture 219a is formed and defined 
by the surface of side wall oxide film 219. 

Referring to Fig. 53, using side wall oxide film 
219 as a mask, impurity such as arsenic is im- 
planted at about 60keV and 1 .0x10 15 cm~ 2 . This 
implantation forms n + emitter region 209 at the 
surface of p~ base region 207. 

Referring to Fig. 54, photoresist is applied to 
the whole surface, and is exposed and developed. 
Thereby, a resist pattern 291 e having an intended, 
configuration is formed. Using resist pattern 291 e 
as a mask, first interlayer insulating film 63, silicon 
nitride film 103 and silicon oxide film 101 are 
sequentially etched, for example, by RIE. This 
etching forms aperture 163b partially exposing the 
surface of rvtype impurity region 25. Thereafter, 
resist pattern 29 1e is removed. 

Referring to Fig. 55, LPCVD is executed at a 
temperature of 590 ° C under a pressure from 0.3 to 
0.5 Ton with gas of silane and phosphine. Thus 
polycrystalline silicon film 15b doped with phos- 
phorus and having a thickness of about 2000A is 
formed. The concentration of phosphorus in poly- 
crystalline silicon film 15b is in a range from about 
1.0x10 20 cnrr 3 to about 6.0x1 0 20 cm" 3 . Thereafter, 
polycrystalline silicon film 15b is patterned by pho- 
tolithography and etching. 

Referring to Fig. 56, by this patterning, emitter 
electrode 215, which is in contact with n + emitter 
region 209 through emitter aperture 219a, and in- 
terconnection layer 35 which is in contact with n- 
type source/drain region 25 through aperture 163b 
are formed. 

Referring to Fig. 57, second interlayer insulat- 
ing film 65 is formed on the whole surface of first 
interlayer insulating film 63 to cover emitter elec- 
trode 215 and interconnection layer 35. A resist 
pattern 29 1f having a predetermined configuration 
is formed on second interlayer insulating film 65. 
Using resist pattern 291f as a mask, etching is 
effected on first and second interlayer insulating 
films 63 and 65, e.g., by RIE. Thereby, contact 
holes 65a, 65b, 65c, 65d, 65e and 65f are formed 
in the first and second interlayer insulating films. 
Thereafter, resist pattern 291 f is removed. 

Referring to Fig. 58, conductive layers 71a, 
71b, 71c, 71 d, 71 e and 71 f are formed to be in 
contact with conductive layers or conductive re- 
gions through contact holes 65a, 65b, 65c, 65d, 
65e or 65f, respectively. 

In this embodiment, emitter electrode 15 and 
interconnection layer 35 are each made of a single 
polycrystalline silicon film layer doped with phos- 
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phorus. Emitter electrode 15 and interconnection 
layer 35 may have different structure, and specifi- 
cally may have a polycide structure as shown in 
Fig. 59. 

5 Referring to Fig. 59, an emitter electrode 215a 

has the polycide structure, and is formed of a 
polycrystalline silicon film 215b and a metal silicide 
layer 215c formed thereon. Polycrystalline silicon 
film 215b is doped with phosphorus at a concentra- 

io tion from 1x10 20 cm~ 3 to 1x10 21 crrr 3 . 

Interconnection layer 35a also has a polycide 
structure and is formed of polycrystalline silicon 
film 35b and metal silicide layer 35c formed there- 
on. Polycrystalline silicon film 35b is doped with 

75 phosphorus at a concentration from 1x10 20 cm~ 3 to 
1x10 2l cm~ 3 . 

According to the manufacturing method of this 
embodiment, the polycrystalline silicon film which 
forms emitter electrode 215 and interconnection 

20 layer 35 and contains phosphorus is formed by the 
LPCVD method after n + emitter region 209 is 
formed in p~ base region 207, similarly to the first 
embodiment. Therefore, heat treatment at a high 
temperature by RTA is not required, and thus the 

25 degree of integration can be improved easily. Since 
the heat treatment by RTA can be eliminated, the 
concentration of phosphorus in the polycrystalline 
silicon forming emitter electrode 215 and intercon- 
nection layer 35 can be increased, so that the 

30 interconnection resistance can be reduced. 

Therefore, the Bi-CMOS structure manufac- 
tured by the manufacturing method of this embodi- 
ment can increase the concentration of phosphorus 
in the polycrystalline silicon forming emitter elec- 

35 trode 215 and interconnection layer 35 to at least 
1x10 20 cm~ 3 . Therefore, it can achieve a remark- 
able effect. For example, that destruction of data 
stored in a memory cell in the SRAM can be 
prevented, similarly to the first embodiment. 

40 If each of emitter electrode 215 and intercon- 

nection layer 35 is formed of a single polycrystal- 
line silicon film layer (see Fig. 43), the concentra- 
tion of phosphorus in the polycrystalline silicon film 
is not more than 6x1 0 20 cm -3 . If emitter electrode 

45 215a and interconnection layer 35a have the poly- 
cide structure (see Fig. 59), the concentration of 
phosphorus in the polycrystalline silicon film for- 
ming the polycide structure is not more than 
Ix10 2, crn~ 3 . Therefore, a good collector-emitter 

50 breakdown voltage can be obtained similarly to the 
first embodiment. 

This embodiment is additionally provided with 
silicon oxide film 101 and silicon nitride film 103. 
Owing to this, a good collector-emitter breakdown 

55 voltage can be maintained, and the .degree of in- 
tegration can be improved easily, similarly to the 
second embodiment. 



17 



» 0646952A2. L> 



33 EP 0 646 952 A2 34 



Since this embodiment is additionally provided 
with side wall oxide film 219a, the base resistance 
can be reduced and the degree of integration can 
be further improved. 

Referring to Fig. 60, the process for forming 
emitter aperture 218b by photolithography must be 
executed, taking into account the possible misalig- 
nment of the mask. If the mask were misaligned, 
emitter aperture 218b would not be not formed at a 
predetermined position and would be dislocated. If 
misaligned, the end surface (side surface) 21 7e of 
base electrode 217 might be exposed at the side 
wall of emitter aperture 218b. If the emitter elec- 
trode were formed while the end surface (side 
surface) 21 7e of base electrode 217 was exposed, 
base electrode 217 and the emitter electrode would 
be short-circuited. 

In order to prevent this short-circuit, a distance 
L M2 between base electrode 27 and emitter ap- 
erture 218b must be larger than a distance of 
possible misalignment of the mask. The large dis- 
tance L M2 increases a distance between p + external 
base region 21 1 and n + emitter region 209, result- 
ing in a disadvantage that a large parasitic capaci- 
tance ri is produced therebetween. 

According to this embodiment, however, the 
end surface (side surface) 21 7e of base electrode 
217 is covered with side wall oxide film 219 as 
shown in Fig. 61 . In forming side wall oxide film 
219, a mask is not required as already stated in 
connection with the process shown in Fig. 52, so 
that it is not necessary to take into account the 
misalignment of the mask. Therefore, distance L M1 
between base electrode 217 and emitter aperture 
219a can be made smaller than the distance of 
possible misalignment of the overlapped mask. 

Since n + emitter region 209 is formed using 
side wall oxide film 219 as a mask, a distance 
between p + external base region 211 and n + emit- 
ter region 209 decreases as distance L M1 de- 
creases. Therefore, a parasitic resistance (base re- 
sistance) generated between p + external base re- 
gion 211 and n + emitter region 209 can be made 
smalt. 

Since distance L M i between p + external base 
region 211 and n + emitter region 209 can be re- 
duced, the degree of integration can be improved 
corresponding to the reduction of distance. 

The first, second and third embodiments have 
been described in connection with the cases where 
emitter electrodes 15 and 215 and interconnection 
layer 35 are each formed of the single polycrystal- 
line silicon film layer doped with phosphorus and 
where they are formed of the polycide structures 
each including the single polycrystalline silicon film 
layer doped with phosphorus. However, other struc- 
tures may be employed. Emitter electrode 215 and 
interconnection layer 15 are required only to in- 
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elude polycrystalline silicon films doped with phos- 
phorus at a predetermined concentration. 

In the first, second and third embodiments, n + 
emitter regions 9 and 209 are formed by introduc- 

5 ing impurity into p~ base region 7 by ion implanta- 
tion. However, different process may be employed. 
n + emitter regions 9 and 209 may be formed by 
any method provided that they are formed prior to 
formation of emitter electrodes 15 and 215. 

io Further, the first, second and third embodi- 

ments, which have been described in connection 
with the Bi-CMOS structure, are not restricted to 
this. The invention can be applied to any semicon- 
ductor device including bipolar transistors. 

15 The method of manufacturing the semiconduc- 

tor device of the invention can prevent disadvan- 
tages such as punch through and deterioration of 
characteristics relating to resistance against hot 
electrons in the MOS transistor. Therefore, sizes of 

20 various portions such as a gate length in the MOS 
transistor can be reduced, and thus the degree of 
integration can be improved easily. 

Since heat treatment by RTA can be elimi- 
nated, a disadvantage caused by the heat treat- 

25 ment can be prevented, and specifically it is possi- 
ble to prevent a disadvantage that the emitter im- 
purity region is formed deep in the base impurity 
region, and thereby the width of base impurity 
region decreases. Accordingly, the interconnection 

30 resistance of emitter electrode can be reduced 
while maintaining a good breakdown voltage char- 
acteristic. 

According to the semiconductor device of the 
invention manufactured by the method described 

35 above, the concentration of phosphorus in the poly- 
crystalline silicon film can be large. Accordingly, 
the concentration of phosphorus in the emitter 
electrode can be increased to at least Ix10 20 cm~ 3 , 
which cannot be attained in the prior art, and thus 

40 the interconnection resistance of emitter electrode 
can be reduced. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 

45 example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 

50 Claims 

1. A method of manufacturing a semiconductor 
device, comprising the steps of: 

forming a collector impurity region (3, 5, 
55 13) of a first conductivity type at a main sur- 

face of a semiconductor substrate (1); 

forming a base impurity region (7, 1 1 : 207, 
211) of a second conductivity type at the main 
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surface of said semiconductor substrate within 
said collector impurity region; 

.forming an emitter impurity region (9: 209) 
of the first conductivity type at the main sur- 
face of said semiconductor substrate within 
said base impurity region; and 

forming a polycrystalline silicon layer (15: 
15b: 215: 215b), which is uniformly doped with 
phosphorus and adjoins to said emitter impu- 
rity region, by a vapor deposition method. 

2. The method of manufacturing the semiconduc- 
tor device according to claim 1, wherein 

said step of forming said emitter impurity 
region (9: 209) includes the step of ion-im- 
planting impurity of the first conductivity type 
into said base impurity region (7, 11: 207, 
211). 

3. The method of manufacturing the semiconduc- 
tor device according to claim 1 or 2, wherein 

said vapor deposition method for forming 
said polycrystalline silicon layer (15: 15b: 215: 
215b) is executed in an atmosphere containing 
phosphorus. 

4. The method of manufacturing the semiconduc- 
tor device according to claim 3, wherein 

said vapor deposition method for forming 
said polycrystalline silicon layer (15: 15b: 215: 
215b) is executed in an atmosphere containing 
silane (SiH 4 ) and phosphine (PH 3 ). 

5. The method of manufacturing the semiconduc- 
tor device according to one of claims 1 to 4, 
further comprising the step of forming a sili- 
cide layer (15c: 215c) on said polycrystalline 
silicon layer (15b: 215b) to be in contact with 
said polycrystalline silicon layer. 

6. The method of manufacturing the semiconduc- 
tor device according to one of claims 1 to 5, 
further comprising the steps of: 

forming a first insulating layer (101) on the 
main surface of said semiconductor substrate 

0); 

forming on said first insulating layer a sec- 
ond insulating layer (103) having different etch 
characteristic than that of said first insulating 
layer; 

forming on said second insulating layer a 
third insulating film layer (63) having different 
etch characteristic than said second insulating 
layer; and 

etching said first, second and third insulat- 
ing layers to form in said first, second and 
third insulating layers an aperture (163a2: 
263d) reaching said emitter impurity region (9: 



209); wherein 

said polycrystalline silicon layer (15: 15b: 
215: 215b) is formed to be in contact with said 
emitter impurity region through said aperture. 

5 

7. The method of manufacturing the semiconduc- 
tor device according to claim 6, wherein 

each of said first and third insulating layers 
(101, 63) includes a silicon oxide film, and said 



w second insulating layer (103) includes a silicon 

nitride film. 

8. The method of manufacturing the semiconduc- 
tor device according to one of claims 1 to 7, 
15 wherein 



said base impurity region (207, 211) has a 
first impurity region (207) and a second impu- 
rity region (211) of which impurity concentra- 
tion is higher than that of said first impurity 
20 region, 

said first and second impurity regions are 
formed at the main surface of said semicon- 
ductor substrate (1) such that said second im- 
purity region surrounds a side surface of said 
25 first impurity region, and 

said emitter impurity region (209) is 
formed within said first impurity region. 

9. A semiconductor device comprising: 

30 a semiconductor substrate (1) having a 

main surface; 

a collector impurity region (3, 5, 13) of a 
first conductivity type formed at the main sur- 
face of said semiconductor substrate; 

35 a base impurity region (7, 11: 207, 21 1 ) of 

a second conductivity type formed at the main 
surface of said semiconductor substrate within 
said collector impurity region; 

an emitter impurity region (9: 209) of the 

40 first conductivity type formed at the main sur- 

face of said semiconductor substrate within 
said base impurity region; and 

a conductive layer (15: 15a: 215: 215a) 
adjoining to said emitter impurity region, 

45 said conductive layer having a polycrystal- 

line silicon layer (15: 15b: 215: 215b) substan- 
tially uniformly doped with phosphorus at a 
concentration of at least 1x10 20 crrr 3 . 

50 10. The semiconductor device according to claim 
9, wherein said conductive layer (15: 215) is 
formed of a polycrystalline silicon layer doped 
with phosphorus, and 

said phosphorus is contained in said poly- 

55 crystalline silicon layer at a concentration of at 

most 6x1 0 20 cm ~ 3 . 
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11. The semiconductor device according to claim 
9, wherein said conducive layer (15a: 215a) 
has a polycrystalline silicon layer (15b: 215b) 
doped with phosphorus and a silicide layer 
(15c: 215c) formed on said polycrystalline sili- 5 
con layer, and 

said phosphorus is contained in said poly- 
crystalline silicon layer at a concentration of at 
most Ix10 ?1 cnrr 3 . 

10 

12. The semiconductor device according to one of 
claims 9 to 11, further comprising: 

a first insulating layer (101) formed on the 
mam surface of said semiconductor substrate 

(1); *s 

a second insulating layer (103) formed on 
said first insulating layer and having different 
etch characteristic than said first insulating lay- 
er; and 

a third insulating layer (63) formed on said 20 
second insulating layer having different etch 
characteristic than said second insulating layer; 
wherein 

said first, second and third insulating lay- 
ers have an aperture (163a2: 262d) reaching 25 
said emitter impurity region (9: 209), and 

said conductive layer (15: 15a: 215: 215a) 
is in contact with said emitter impurity region 
through said aperture. 

30 

13. The semiconductor device according to claim 
12, wherein 

said first and third insulating layers (101, 
63) each include a silicon oxide film, and said 
second insulating layer (103) includes a silicon 35 
nitride film. 
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© An n + buried layer (3) is formed on a surface of 
p~ semiconductor substrate (1). An n~ epitaxial 
CO growth layer (5) and an n + diffusion layer (13) are 
^ formed on a surface of n + buried layer (3). A p" 
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n~ epitaxial growth layer (5). An n + emitter region (9) 
is formed at a surface of p~ base region (7). An 
emitter electrode (15) is formed adjacently to n + 
emitter region (9). Emitter electrode (15) is made of 
polycrystalline silicon doped with phosphorus at a 
concentration from 1x10 20 cm~ 3 to 6x10 20 cm~ 3 . 
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